a b s t r a c t
Unlike patients with neglect, neurological patients with extinction can detect a single event presented at any location. However, when shown two brief near-simultaneous stimuli they only report the ipsilesional item. The question of what inter-stimulus delay leads to maximal extinction has clear clinical and theoretical implications. di Pellegrino et al. [di Pellegrino, G., Basso, G., & Frassinetti, F. (1997) . Spatial extinction on double asynchronous stimulation. Neuropsychologia, 35, 1215 Neuropsychologia, 35, -1223 report that extinction is maximal when the two stimuli are presented simultaneously, with less extinction when either item has a slight temporal lead. This finding supports traditional clinical diagnosis (which only presents simultaneous events), and is in accord with theories of extinction that entail individuation of objects (e.g. "token" accounts). In contrast, Cate and Behrmann [Cate, A., & Behrmann, M. (2002) . Spatial and temporal influences of extinction. Neuropsychologia, 40, 2206 Neuropsychologia, 40, -2225 report that extinction is maximal when the ipsilesional item is presented slightly prior to the contralesional item. This finding appears to support disengage models of attention. Our aim was to reveal whether the difference between these studies reflects different patients, or different methods. Specifically, we note that the stimuli used by Cate and Behrmann were biased both temporally (more ipsilesional first trials) and spatially (more items presented in ipsilesional field). We examined the performance of nine individuals with extinction, and found that maximal extinction was not influenced by temporal biases, but extinction was modulated by the spatial location of stimuli. This finding reconciles previous studies and offers new insight into this syndrome.
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Introduction
Visual extinction is relatively common in patients shortly after sustaining unilateral brain damage (Becker & Karnath, 2007) . A patient with visual extinction will correctly detect a single stimulus presented in either hemifield, but will report only the ipsilesional stimulus when two stimuli are presented bilaterally. The classic clinical test for extinction is the 'double simultaneous stimulation' (DSS) paradigm, where both targets are presented simultaneously (e.g. the clinician wiggles both fingers at the same time). An implicit assumption of this diagnostic test is the notion that extinction is most severe when both stimuli are presented precisely simultaneously. The conditions that create the greatest visual extinction are of great theoretical importance to the study of extinction, and normal attention functioning alike, because they adjudicate between competing theories concerning the nature of perception.
The first study to directly investigate whether extinction is maximal with simultaneous stimulation was a single case study by di * Corresponding author. Tel.: +1 803 777 9241; fax: +1 803 777 3081.
E-mail address: rorden@gwm.sc.edu (C. Rorden). Pellegrino, Basso, and Frassinetti (1997) . In this study, pairs of visual stimuli were presented such that the stimulus in either field could have a temporal lead. They found that extinction was maximal when stimuli were presented at exact simultaneity. Unfortunately the di Pellegrino et al. (1997) study did not also ask their patient for temporal order judgments. In a study published in the same year, Rorden, Mattingley, Karnath, and Driver (1997) presented patients with visual stimuli in both hemifields and asked them to make a temporal order judgment, i.e., to say which stimulus was presented first. Patients consistently reported the ipsilesional item as appearing first unless the contralesional item had a substantial lead (200 ms or more). This suggests that stimuli in the contralesional field are subjectively delayed to the patient. Thus simultaneity to an extinction patient occurs when the contralesional item leads by a considerable period, not when the stimuli are objectively simultaneous. Following on the studies of di Pellegrino et al. (1997) and Rorden et al. (1997) , a recent study by Baylis, Simon, Baylis, and Rorden (2002) provided evidence for the importance of objective simultaneity. In one part of this study, patients made temporal order judgments to determine whether the patients experienced subjective slowing on the contralesional side. In accordance with Rorden et al. (1997) , patients required the contralesional item to
